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INTRODUCTION 
It is well known that using progressively lower frequencies in eddy current detection permits 
deeper penetration into conductive samples since the skin depth increases as the inverse square root of the 
frequency. Since the signal of interest is produced by Faraday's Law, the amplitude of the signal voltage is 
proportional to the excitation frequency. This fact limits the use of normal eddy current techniques as 
frequency decreases. This paper presents a method of detecting the field due to the induced eddy currents 
rather than its time derivative, so that at least the "return" portion of the signal is not proportional to 
frequency. 
SENSOR DESCRIPTION 
The sensor itself has been described previously. [refs.I,2] The sensor is configured as a 
gradiometer, measuring the magnetic field at two points separated by approximately one centimeter, thus 
permitting some immunity to large environmental magnetic disturbance and liftoff effects. The gradient 
scheme also cancels out a significant fraction of the large applied ac excitation field, enhancing our ability 
to detect the small eddy current signals produced by flaws deep in the sample structure. 
The gradiometer sensor is comprised of two of the magnetoresistive sensors. The sensors 
themselves are sufficiently small (0.11 inch by 0.14 inch) to allow good spatial resolution for detection of 
subsurface flaws and features. 
The ac excitation field is provided by conductive strips arranged on a circuit board surface, to 
approximate a uniform current sheet. The sample is located close enough to the current sheet so that the 
sheet appears to be infinite in its extent, thus making the induced field almost independent of the distance 
separating the sample form the exciting current sheet. To improve the rejection of the applied field, we 
place the sensor in between two such current sheets, so that the field at the location of the sensor due to one 
of the sheets is canceled by the field due to the other. 
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SENSOR CHARACTERIZATION 
The performance of the sensor was measured for an excitation frequency of 25Hz. At this 
frequency, a single sensor operating open loop had a noise level of 32 picotesla per root hertz. When two 
sensors were configured as a gradiometer, the noise level dropped by an additional 10 dB, to approximately 
9 picotesla per root hertz. 
The common mode rejection of the sensors when operated as a gradiometer was approximately 
40. This value was measured using a single current sheet to apply the same ac magnetic excitation field to 
both sensors. 
TEST SETUP 
Test samples were fabricated which simulated lap joints in aircraft structure. Several plates of 
appropriate aluminum skin with fastener holes at regular intervals were built. Known size "flaws" were 
designed into several of the samples. These were comprised of EDM slits directed radially from several of 
the fastener holes along the direction perpendicular to the line of fasteners. Simulated "lap joints" were 
arranged by stacking three of four of these plates together, with aluminum rivets placed into the holes. The 
test plan called for moving the sensor along the line of fastener holes, detecting the slits in the lower layers 
of the simulated lap joint stack. 
To detect the EDM "flaws" in these structures, we scanned our apparatus along the long axis of the 
sample plates, with the two MR sensors on opposite sides of the center line. This arrangement canceled out 
most of the large eddy-current signal produced by the rivets themselves, allowing us to detect the small 
anomaly produced by the "flaws" in the third or fourth layer of the simulated lap joint structure. We 
oriented the excitation coils so that the applied AC field was mainly perpendicular to the center line. The 
eddy currents then flowed parallel to the centerline of the sample plates, or perpendicular to the radiating 
EDM slots. We moved the apparatus by hand, in steps of 118 inch, and measured its position with a ruler. 
At each position, we used a lockin amplifier to measure the difference in AC signal from the two MR 
sensors. We recorded both the in-phase and out-of-phase component of the lockin output with respect to 
the applied ac field. 
TEST RESULTS 
Figures 1 through 3 are representative of the results we obtained. Fig. 1 shows the out-of-phase 
component of the lockin gradiometer output as a function of position in inches. (The lockin output is in 
millivolts, where we estimate crudely that an output of several hundred millivolts would correspond to the 
full magnetic field amplitude applied to the surface of the sample.) In this case, we used three layers of 
aluminum, each layer 0.063" thick. The third layer contained with EDM slots 0.12" long and 0.05" long in 
the rivet holes centered roughly at 4 inches and 7 inches on the position axis of the figure. As the figure 
shows, the lockin output has two pronounced peaks at the positions corresponding to the flaws. The much 
smaller wiggles in the data may be attributable to the residual signal due to the other rivets in unflawed 
holes. 
Figure 2 shows the background signal obtained when we replaced the flawed third-layer plate with 
a similar plate containing no EDM slots. The data show some variation which may be the residual signal 
due to the rivets and rivet holes. However, this variation is much smaller than the signatures of third-layer 
flaws in Figure l. 
Figure 3 shows that we can still distinguish the signature of the two flaws even when we insert an 
additional unflawed plate, so that the EDM slots occur in the fourth layer of a stack of plates, each 0.063" 
thick. Here, the peaks produced by the fourth-layer flaw do not dominate the background signal as strongly 
as in case of a third-layer flaw. Nevertheless, we can clearly see peaks corresponding to the flaws at 4 
inches and 7 inches, above the smaller variations attributable to the rivets in unflawed holes. We repeated 
this scan several times at different frequencies, and always saw the same two peaks at the same two 
locations. 
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Figure 1 Gradiometer quadrature output for flaws in the third .063" layer at 4" (.120" long) and at 7" 
(.050" long) non flawed rivets at 2",3",5",6",8"&,9". 
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Figure 2 Three layers, all .063", with no flaws normal rivets at positions 2 through 9 inclusive. 
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Figure 3 Four .063" layers, with flaws in fourth layer of .006" x .120" at 4" and .006" x .50" at 7", and 
regular rivets at positions 2, 3, 5, 6, 8, and 9. 
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CONCLUSIONS 
We have used the new magnetoresistive sensors to successfully demonstrate the detection of 
subsurface flaws in the fourth layer of a stack of .063" plates simulating an aircraft lap joint. The flaws 
were of the size that are interesting for aircraft maintenance applications. The data are repeatable, and 
show noise from the irregular surface due to the adjacent fasteners. We plan on minimizing the effect of the 
bumpiness of the surface by modifying the way in which the sensor contacts the surface of the sample. We 
also plan on making a rotatable sensor which can be quickly placed into a template to determine the 
locations of flaws in the subsurface layers of the lap joint. In addition, we plan to operate the sensor at 
different frequencies to effectively provide some "focus" on successive layers of the joint. 
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